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(a) Carboxyl O 0O (b)

-0 0O Natural fats at 25 °C
group \C/ X A ..
C Olive oil, Butter, Beef fat,
liquid soft solid hard solid
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TABLE 10-1 Some Naturally Occurring Fatty Acids: Structure, Properties, and Nomenclature

Solubility at 30°C
(mg/g solvent)

Carbon Common name Melting
skeleton Structure* Systematic name' (derivation) point (°C)  Water Benzene
12:0 CH5(CH2)10COO0OH n-Dodecanoic acid Lauric acid 442 0.063 2,600
E FE§ (Latin laurus,
“laurel plant”)
14:0 CH3(CH3);12CO0H n-Tetradecanoic acid Myristic acid 539 0.024 874
— (Latin Myristica,
WE@E& nutmeg genus)
16:0 CH5(CH,),,CO0H n-Hexadecanoic acid Palmitic acid 63.1 0.0083 348
=y Latin palma,
*'-‘R*I';'l ‘palm tree")
18:0 CH5(CH,),sCOOH n-Octadecanoic acid Stearic acid 69.6 0.0034 124
(= (Greek stear,
ﬁﬂ E§ “hard fat")
20:0 CH3(CH2)1sCOOH n-Eicosanoic acid Arachidic acid 76.5
= (Latin Arachis,
HSEE& legume genus)
24:0 CH3(CH2)22CO0H n-Tetracosanoic acid Lignoceric acid 86.0
H (Latin lignum,
*maﬁ’é “‘wood" + cera,
“wax") m
(A9 ; Ll ';-ll E%
16:1(A%) CH;(CH;)sCH==CH(CH,);COOH cis-9-Hexadecenoic acid Palmitoleic acid 5
18:1(A% CH;3(CH,);CH==CH(CH,);CO0H  cis-9-Octadecenoic acid Oleic acid 134
7 E!i (Latin oleum, “oil")
18:2(A*) CH3(CH2)iCH==CHCH,CH== cis-,cis-9,12-Octadecadienoic Linoleic acid ;i  1-5

18:3(.39.12.15)

20:4(A5.8,11.14)

CH(CHz);COOH
CH,CH,CH==CHCH,CH==
CHCH,CH==CH(CH,),COOH
CHa(CH,)4CH==CHCH,CH==
CHCH,CH==CHCH,CH==
CH(CH,)-COOH

acid
cis-,cis-,cis-9,12,15-
Octadecatrienoic acid

cis-,cis-,cis-,cis-5,8,11,14-

Icosatetraenoic acid

(Greek linon, “flax”)

«-Linolenic acid WE&' 11
Arachidonic acid 49.5

e MiEER
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w-3 PUFARYZE#4

Plant n-3 PUFA

. ALA

o- MV RER

+ EPA

A RGIEER
- DPA

T+ TR
« DHA
I Ay ¢

Alpha-linolenic acid
ALA (18:3n-3)

Seafood n-3 PUFA

//1$%

Eicosapentaenoic acid
EPA (20:5n-3)

Docosapentaenoic acid
DPA (22:5n-3)

Mozaffarian and Wu 2011
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Docosahexaenoic acid
DHA (22:6n-3)
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IE:1 G 8l Food Sources of Long-Chain n-3 PUFA

Common Dietary Sources EPA, mg/100 g DPA, mg/100 g DHA, mg/100 g EPA+DHA, mg/100 g Common Dietary Sources ALA, g/100 g
Anchovy 763 41 1,292 2,055 Flaxseed (linseed) oil 53.3
Herring, Atlantic 909 71 1°105 2,014 Canola (rapeseed oil) 9.1
Salmon, farmed 862 393 1,104 1,966 Walnuts, English 9.1
Salmon, wild 411 368 1,429 1,840 Butternuts 8.7
Mackerel, Atlantic 504 106 699 1,203 Soybean oil, nonhydrogenated 6.8
Bluefish 323 79 665 988 Mustard oil 5.9
Sardines, Atlantic 473 0 509 982 Soybean oil, hydrogenated 2.6
Trout 259 235 677 936 Walnuts, black 2.0
Golden bass (tilefish) 172 143 733 905 Beechnuts 157
Swordfish 127 168 772 899 Pecans 1.0
Tuna, white (albacore) 233 18 629 862 Seaweed, Spirulina, dried 0.8
Mussels 276 e 506 782 Soybeans, boiled 0.6
Striped bass 169 0 585 754 Navy beans, boiled 0.2
Shark 258 89 431 689 Kale, raw 0.2
Pollock, Atlantic 91 28 451 542 Kidney beans, boiled 0.1
Oysters, wild 274 16 210 484

King Mackerel 174 22 227 401

Tuna, light (skipjack) 91 17 237 328

Snapper 48 22 273 321

Flounder and sole 168 34 132 300

Clams 138 104 146 284

Grouper 35 17 213 248

Halibut 80 20 155 235

Lobster 117 6 78 195

Scallops 72 5 104 176

Blue Crab 101 9 67 168

Cod, Pacific 42 5 118 160

Shrimp 50 5 52 102

Catfish, farmed 20 18 69 89

Eggs 0 7/ 58 58

Chicken breast 10 10 20 30

Beef 4 . 18
— - 5 Mozaffarian and Wu 2011
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(triacylglycerol)

1-Stearoyl, 2-linoleoyl, 3-palmitoyl glycerol,
a mixed triacylglycerol
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Wikipedia
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Trans fatty acid content

In a typical As % of
serving (g) total fatty acids
French fries 4.7-6.1 28-36
Breaded fish burger 5.6 28
Breaded chicken
nuggets 5.0 25
Pizza 1.1 9
Corn tortilla chips 1.6 22
Doughnut 2l 25
Muffin 0.7 14
Chocolate bar 0.2 2
—SRENF PRI IUERER
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AE 2K BVTR LRI

B RERET NG LR
- BEHERERFCIER
- [EALES (lipase)

-EA Y
TG%Z R H +2 FFA

IRBOS R R ET =R L

- JEHERERRER(<C16)ELiEEIT | JEREK
N\ IR

- KuEASAPEREFEALTG |, BT HAE
EEFRFLEERRL , ST HLEEEF
MEEHEAIR

- EBHAMEF , ISAHXHIKEES bz
HRERGER (FFA) FIHE , BIE w4
FRIRUL

Fats ingested
in diet

Gallbl[adder %

g

y ~ Small

intestine !
@ Bile salts emulsify o
dietary fats in the
small intestine, forming
mixed micelles.

BAHHE

@ Intestinal lipases
degrade triacylglycerols.

®) Fatty acids and other breakdown
products are taken up by the
intestinal mucosa and converted
into triacylglycerols.

Fatty acids are oxidized
as fuel or reesterified
for storage.

Myocyte or
adipocyte
@ g
2
4

ATP
(D) Fatty acids enter cells.

Lipoprotein lipase

(®) Lipoprotein lipase,
activated by

} apoC-II in the capillary,

Capillary releases fatty acids and
glycerol.

Intestinal .
%) Chylomicrons move

mucosa .
through the lymphatic
& ‘ system and
4 bloodstream
u ? ApoC-II to tissues.
19 § N Chylomicron
y |
it @ Triacylglycerols are incorporated,

with cholesterol and apolipoproteins,
into chylomicrons.

A BTG
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ATP

° HEHEQHgRE:HEHEEI%& brotein kinase Fatty acids
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@&*DH/EE
« REFERUANILR
Haﬂfiﬁ&l«)\ 5Mis E_'
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Serum
\albumin

Bloodstream

9 ATP
g oxadation,
citric acid cycle,

atty acid respiratory chain
Lransporter Myocyte (muscle)
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figig (spermaceti wax)
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] 7
ketones Cuticular wax
T mixture wax esters :
Secondary alcohols N

L alkanes <— aldehydes primary alcohols

N
decarbonylation |pathway T acyl-reduction|pathway

VLCFAs(C26-C34)—

”,———----~~~‘ TFAE E

<8 \\\ |

4 '

! acyl-ACP \ fatty acyl-CoAs
.\ FASctecte) T > (C16-C18) ;
\ o “Seo_ Plastid " ER /

\ N ———— 4

Xue et al. 2017
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Phospholipid  Triglyceride  Cholesterol

2. RERRVERLZSH - BSHHER 1A %

3. WFRSSE | AR
4. BRSSHSIR : 405, WEBSHIEIRS C

—— Phospholipid bilayer

5. {fENES. HAFINEEER (Cell membrane)
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Membrane lipids (polar)

il

il

Archaebacterial ether lipids

Glycerol

g =
~ —
Diphytanyl — 9); PO, 3);
S S
Diphytanyl —
POy (— ether linkage)

)/
Phospholipids *}?g HE Glycolipids
| I
| | | |
Glycerophospholipids Sphingolipids Sphingolipids Galactolipids (sulfolipids)
Fatty acid Fatty acid
<) (<)
- < < -
2 2 2 2
3»; Fatty acid %0 Fatty acid %’3 Fatty acid é Fatty acid
4 = = O
w0 - @ || Mono- or Mono- or
PO, Alcohol PO, — Choline oligosaccharide 1 disaccharide [10%
e SHsERE
HiHkEEE il= >

PHHERE
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4.1 H iR R1, R2ASHbES

1CH,OH
C 50 ICH, OI:R :
H=— 2C —OH O £
R o b R H—¢ o[l 0
glycerol | phosphatidic 3CH,—O—P—0-~
phosphate O~ acid (|)_
L-Glycerol 3-phosphate
(sn-glycerol 3-phosphate) L-Glycerol 3-phosphate
(sn-glycerol 3-phosphate)
O
I
1CH,—0—C \/\/\/\/\/\/\/\ Saturated fatty acid
O (e.g., palmitic acid)

holioi
Glycerophospholipid Unsaturated fatty acid

(general structure) *CH—0— C\/\/\/\/_\/\/\/\/ (e.g., oleic acid)
Ei&i%%??ﬁsg%iﬁﬂ_ﬁ 3CH2—O—1||L 0— X XOHEOEE _Bei SHImER: , FZrtRTESLER
2N EEY i FEEaT HY _
B(XOH)BEIL , FEBl vt HSHEEE
HiHksig glycerol phosphatide 36
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i
CH,—O—C—R?

Name of Net charge
glycerophospholipid Name of X Formula of X (at pH 7)
Phosphatidic acid — —ie -1
Phosphatidylethanolamine Ethanolamine — CH2—CH2—1¢IH3 0
= = A
Phosphatidylcholine Choline — CH,—CH,—N(CHjy)s 0
=] = =]
BEAETERABER, PC, X¥ROPEEAS "
Phosphatidylserine Serine i CH2—(|3H—N H; -1
(=] COO-
BEHEERLLRER | PS
Phosphatidylglycerol Glycerol = CH2—(|3H—CH2—OH -1
= : OH
GEfRERHE . PG
H 0—®
6 5
Phosphatidylinositol myo-Inositol 4,5- OH H H —4
4 5-bisphosphate bisphosphate 1 4
=]
BEREERANER (P1) —
H H
Cardiolipin Phosphatidyl- — (|3H2 -2
'L\"ﬁ% EE glycerol (le OH (”)
WhsReEt E:H CH,—0—F—0—CH,
0 i
CH—O—C—R!
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sl LS ke S Yy
Polar head H_C—O—C—?_?_ﬁ;—?-?—?”?—c*c/ //*//Y
o i 1 HHHHHHH e
HyC=N—C—C— S~ G —H Nonpolar tails ~ /Y/O\o/\ 7 &
CH, H H = 0% H ,4;40\0/\//7&
(a) Chemical structure of a &
phospholipid 4 i
Phosphate group
Polar Nonpolar Polar
heads tails heads
Polarhead  Nonpolar tails (
(b) Simplified way to draw a phospholipid
Cell membrane
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(A)
I RE

« XWEEHRERHIH (/O3S )
IR ORI RRFIZH

E IR A
N B 1 720 5 (B) Conical structure of CL (D) CL promotes
° RRHI Hﬂ@ﬁﬁ&%gg* I:I /L /|\HEI BB curvature of the IMM

EEEN5Era R MR IERYR g'vcg;%r;ggir;hatef '
%&ﬂééﬁﬂ:@ Fatty acyl chain —-—-o

--------------

. | - |EI| 3 A = = S, | =
xﬁl] = %ﬁﬁﬁéq*@&ﬁ?ﬁ HE&R (C) CL aggregation favors negative
ﬁ?,%tﬂ:g m%m curvature of membranes
- B OB BRI AT AR B &
IR ES XISz

.
g
-----
.............

Trends in Endocrinology & Metabolism



4.2 ExgEther lipids

ether-linked alkene )
ether-linked alkane

c—¢ N NN NN NN
1(|3H2—O—C=C/\/\/\/\/\/\/\ 1(|3H2—O—CH2—CH2
2CH—O—(||3/\/\/\/\/\/\/\/ ZCH—O—(“)—CH3
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‘CH O *CH, O
| | acetyl ester
? ?
O:P_O_CHz_CHz_ﬁ(CH3)3 O:P—O—CHZ_CHZ_N(CH3)3
—(l) choline _O| choline
Plasmalogen Platelet-activating factor
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4.3 fFEYIM B+ FLE RS FN A AR

- {EYHRARSEZKIRES - HilfERE
(glyceroglycolipid)
» SiEfERE—tc|3 Bl glycolipids

+ sn-3(i_FAY-OH SHER LB it
IR RIE S A RIS

" A YRR Y PR

Monogalactosyldiacylglycerol
(MGDG)

Digalactosyldiacylglycerol
(DGDG)

6-Sulfo-6-deoxy-a-D-glucopyranosyldiacylglycerc
(a sulfolipid) 45



4.4 &5852Sphingolipids
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TR , B 16, 18, on

22 & 24 NREF. AR
Fatty acid

Head-group
substituent

NH

NANANANAANANNNNS

O
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Name of sphingolipid

Name of X—O

Formula of X

Ceramide
TR ERRG
Sphingomyelin

HsEAE

Neutral glycolipids
Glucosylcerebroside

SRR

Lactosylceramide
(a globoside)

AR 3 S
Ganglioside GM?2

HETER

Phosphocholine

Glucose

Di-, tri-, or
tetrasaccharide

Complex
oligosaccharide

—l

I -
— :|P_O_CH2_ CHZ_N(CH3)3
O_

CH,OH
0
H/H
OH H /1
OH
OH

-0
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g5t A8 Sphingomyelins
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phosphocholine
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Phosphatidylcholine
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o | B, BADBEYATERIEART

SHFEIILR

- BE-RF R — RS
AE(CHIAS R | (ERBEATER
B, BEREAIATAECHARE

- Tay-Sachs % , HFEFHRESL
S A , AT GM2 2

KEXFORERAEFFRZR
- EEIRN T LAFNF S R S1EE
oo ?; —— sphingomyelinase ®_' Niemann- Pick disease ll\ézﬁ%

’ Phosphocholine |
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4.5
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SHTHEYD: RBiER (bile acid)
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. fE-
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Taurocholic acid
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—NH—CH,—CH,—SO0;

S

(a bile acid) (—FRAEHER) 56
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&|E2 (phytosterol)
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3
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EYEA=En

. BE=AIENX

FoeHIEANZSY - ARRLER

. CEIESE - =BrHHFEE

. BRSRBER - B, MERSTOEES

. MNERES. BEFIEERER

Lipids

Phospholipid  Triglyceride  Cholesterol

:

AR

eeeeeeeeeee

i

Phospholipid bilayer
(Cell membrane)
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BISTRAEHERPIERE o

phosphorylation 2ATP
NP " —_— e in pl
- TEAEmtAAS4 | 5-hAERRE L aien 9ADP
}iﬁltjﬂ[l,@?1 .4, 5-5655@3‘% Phosphatidylinositol 4,5-bisphosphate

UPs) eremm— |~ 0
ARFIRER | bt
I%&IEL HEEC |, H—2F

HithhgiE I?E F_ AE@/)-’H_‘_ Inositol 1,4,5-trisphosphate Diacylglycerol

?EI’JF“ =) l l

OH OPO%- Release of intracellular Ca2* ————> Activation of
WOPOz_ protein kinase C
| |
OH : :
| |
BRAEELANESS | 5-—HERR Regulation of other enzymes ~ Regulation of other enzymes

HYLEREH (by Ca2™) (by protein phosphorylation)



KR thels: FAEEPHE

Prostaglandins: PGE (ether-soluble); PGF (phosphate buffer
(RUFIBREZR) soluble)

Thromboxanes: produced by platelets (thrombocytes) and act in
(LRI L) the formation of blood clots.

Leukotrienes: Overproduction of leukotrienes cause asthmatic
(BRI =)%) attacks
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Polar OI _ Phospholipase A,
head X
group
(a)
I INEES(cyclooxygenase . ”
AE=AR(cyclooxygenase) 0 (TEHEPUHEES)
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BT =] IL#KR (Aspirin) #1145 7% 35 (Ibuprofen) B4 2 41

._ E :’/O_C R O—C/0 + COO_OH
\CH3
Aspirin Acetylated, Salicylate
(acetylsalicylate) mgcot;z'ated
B BR) CARRIEA DR EEAYHD I IR
WRCHELZBAMIRINE  cn on ke
BERONSer SR B
BB S I © Steroidal Anti-
s iR TIZEBIERYIEEIZEL |, L Inflammatory
e A BEHI T S BN cft, “coo- - Drugs ,NSAIDs)
Ibuprofen
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Vitamin A (retinol fl &= E5)

v’ stored in liver

v’ precursor: carotene

v" deficiency: night
blindness

Vitamin D

v" formed from precursor in
skin by UV

v" regulates Ca deposition
v" deficiency: rickets




(a) H3C CH3

H,C
‘ UV light
HO 3 Py 5 S 7 —_—
2 steps (in skin 4 1 step in the liver

7-Dehydrocholesterol 1 step in the kidney

1,25-Dihydroxycholecalciferol
(1,25-dihydroxyvitamin D)

- 7-IRSPEEIRZRY R MR =
ERZ AR IBE5LEE ( 4
4% D;)
TERTHE. ISHERREAEE
% 10,25-—FEHEFZD,,
XA EET S, BEF
B8 Ca? HUIiET

- FER4EEEDA TG

—

Before vitamin D treatment After 14 months of vitamin D treatment

(b)
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0 Canthaxanthin
(bright red)

N

OH
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HO

Zeaxanthin
(bright yellow)
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